Dura mater biology: autocrine and paracrine effects of fibroblast growth factor 2.
The dura mater, the outermost layer of the meninges, is thought to be essential for calvarial morphogenesis, postnatal suture fusion, and osseous repair of calvarial defects. Despite numerous studies illustrating the fundamental role of the dura mater, there is little information about the autocrine and paracrine mechanisms regulating dural cell biology during calvarial ossification. Previous work conducted in the authors' laboratory demonstrated that non-suture-associated dural cells from 6-day-old rat pups expressed high levels of fibroblast growth factor 2 (FGF-2), whereas dural cells from 60-day-old adult rats expressed very little FGF-2. Because young mammals can successfully heal large calvarial defects, the authors sought to investigate the autocrine and/or paracrine effects of FGF-2 on the proliferation, gene expression, and alkaline phosphatase production of dural cells. Cultures of non-suture-associated dural cells were established from 6-day-old Sprague-Dawley rat pups and then stimulated with recombinant human FGF-2 (rhFGF-2; 10 ng/ml). Dural cells stimulated with rhFGF-2 proliferated significantly faster than untreated dural cells at 24 hours (2.1 x 10(5) +/- 3.2 x 10(4) versus 1.1 x 10(5) +/- 1.8 x 10(4), p < or = 0.001) and 48 hours (2.3 x 10(5) +/- 4.2 x 10(4) versus 1.2 x 10(5) +/- 1.3 x 10(4), p < or = 0.001). Moreover, dural cells stimulated with rhFGF-2 expressed 7-fold more proliferating cell nuclear antigen than did control cultures. Treatment with rhFGF-2 increased dural cell expression of genes important for skeletal repair: FGF-2 (7-fold), transforming growth factor beta 1 (3-fold), transforming growth factor beta 3 (4-fold), and type I collagen (4-fold). Furthermore, rhFGF-2 increased dural cell expression of osteopontin (2-fold), a "late" marker of osteoblastic differentiation. Interestingly, dural cell alkaline phosphatase activity, an "earlier" marker of osteoblast differentiation, was significantly decreased by treatment with rhFGF-2 compared with control cultures at 24 hours (0.005 +/- 0.001 versus 0.01 +/- 0.003, p < or = 0.01) and 48 hours (0.004 +/- 0.0009 versus 0.01 +/- 0.0009). Together these data provide insight into the autocrine and paracrine effects of FGF-2 on the biology of the dura mater.